This study investigated the influence of auxins on the growth of hairy roots and accumulation of anthocyanins, including cyanidin 3-O-glucoside (C3gl) and cyanidin 3-O-rutinoside (C3r), in the hairy root culture of tartary buckwheat cultivar Hokkai T10. C3gl and C3r contents were evaluated using highperformance liquid chromatograph (HPLC). Four auxins, 2,4-dichlorophenoxyacetic acid (2,4-D), indoleacetic acid (IAA), indolebutyric acid (IBA) and naphthaleneacetic acid (NAA), were added to the medium of the hairy root cultures at diverse concentrations. IAA, IBA and 2,4-D promoted the growth of hairy roots since the dry weight of the roots was slightly higher than or comparable with that of the control. However, NAA at all concentrations suppressed the growth of hairy roots. Generally, auxin treatments resulted in higher accumulation of C3gl and C3r than that of the control except for 2.85 μM IAA and 2.69 μM NAA. The amount of C3gl and C3r after treatment with 4.92 μM IBA was the highest among all treatments and was 3.24 times more than that of the control. Our results suggested that auxins at appropriate concentrations might facilitate hairy root growth of tartary buckwheat and enhance the production of C3gl and C3r.
Tartary buckwheat (Fagopyrum tataricum Gaertn.) is mainly produced and consumed in southern China (Sichuan), northern India, Bhutan and Nepal [1] . It is known to be a valuable functional food since it contains important components such as proteins, amino acids, anthocyanins, including cyanidin 3-O-glucoside (C3gl) and cyanidin 3-O-rutinoside (C3r) and vitamins B1, B2 and B6 [2] . Further, tartary buckwheat is recommended as a dietary antioxidant agent since it has an excessive amount of rutin, as well as other phenolic compounds and anthocyanins [3, 4] .
Anthocyanins are one of the major photochemicals, belonged to the flavonoid group, and are strong red, blue or purple colored pigments abundantly present in tea, honey, fruits, wine, vegetables, olive oil, cocoa, nuts and cereals [5, 6] . Individual anthocyanins have differences in properties according to the number of hydroxyl groups, the nature and number of sugars present and their position as well as the nature and number of aliphatic or aromatic acid groups attached to the sugars [7] . Anthocyanins are known to be involved in a wide variety of biological activities, including protection against DNA cleavage [8] ; anti-diabetic, antiinflammatory, antimicrobial, anti-angiogenic, antioxidant and anticarcinogenic activities; and improvement of eye function [5] [6] [7] [8] [9] [10] [11] [12] . Many epidemiological studies evidenced that anthocyanins reduce the risk of cardiovascular disease in humans [13] .
A tartary buckwheat cultivar Hokkai T10 was obtained by ethyl methane sulfonate mutagenesis of Hokkai T8 bred using pureline selection from the Russian cultivar, Rotundatum. Hokkai T10 was found to have greater amounts of red pigments and anthocyanins than those present in Hokkai T8. Hokkai T10 was shown to have 2.6-6 times more anthocyanin content than that present in Hokkai T8 [3] . Recently, Thwe et al. [14] reported that only Hokkai T10 contains cyanidin 3-O-glucoside and cyanidin 3-O-rutinoside in its hairy roots. However, these anthocyanins are not detected in Hokkai T8.
Transformation to hairy root cultures (HRCs) by using Agrobacterium rhizogenes infection is a fundamental method that has been established and investigated by many researchers in various plant species. This method can be used for inducing genetically and biologically stable transformation since HRCs have high biosynthetic capacity and show phytochemical accumulation and rapid growth rates [15] . The transformation protocol for tartary buckwheat cultivar Hokkai T10 and Hokkai T8 by using A. rhizogenes infection has been reported [14] . HRCs of buckwheat (F. esculentum Moench.) was developed using A. rhizogenes strain 15834 harboring the binary vector pBI121 [16] . In addition, production of phenolic compounds from HRCs of tartary buckwheat has been reported [17] . However, there have been no studies on the accumulation of anthocyanins in the HRC of 'Hokkai T10' subjected to auxin treatments. In this study, HRCs of Hokkai T10 were established, and the levels of anthocyanins (C3gl and C3r), after treatment with different concentrations of auxins such as 2,4dichlorophenoxyacetic acid (2,4-D), indoleacetic acid (IAA), indolebutyric acid (IBA) and naphthaleneacetic acid (NAA), were evaluated using high-performance liquid chromatograph (HPLC).
Establishment of HRCs of tartary buckwheat cultivar Hokkai T10:
Excised parts of F. tataricum cultivar Hokkai T10 were infected with A. rhizogenes R1000 previously cultured in LB liquid medium (Luria-Bertani). The excised parts were placed on hormone-free half-strength Murashige-Skoog (MS) medium for co-NPC Natural Product Communications 2016 Vol. 11 No. 9 1283 -1286 cultivation. After 2 days of incubation, the co-cultured explants were rinsed with room temperature sterilized double distilled water and placed in hormone-free half-strength MS medium supplemented with 500 mg/L cefotaxime to eliminate A. rhizogenes R1000. After 5-7 days, hairy roots emerged from the wound sites on the explants. After 2 weeks, each hairy root was aseptically excised from the necrotic explant tissue and then transferred separately to hormone-free half-strength MS medium containing 250 mg/L cefotaxime for subculture. One month later, the hairy roots were transferred again to antibiotics-free half-strength MS medium to confirm that each root was kept in an aseptic condition. These germless roots were then transferred to liquid culture medium and incubated continuously to obtain enough biomass for further auxin treatment. A. rhizogenes is known to contain the rol genes, such as rol A, B, C and D of the Ri-plamid, which allow the induction of hairy roots in plant species. Detection of rol genes in transformed tissues confirms the establishment of transformation. Thus, polymerase chain reaction (PCR) analysis was performed using specific primers that could detect rol A, B, C and D genes. Gel electrophoresis revealed that the hairy root clones showed the expected bands for rol A (304 bp), B (797 bp), C (550 bp) and D (1,035 bp) genes. Among them, the one hairy root line that exhibited 4 clearly visible bands was selected and prepared for further experiment.
Hairy roots were cultured for four weeks in half-strength MS supplemented with 0.45, 2.26 and 4.52 μM of 2,4-D, 0.57, 2.85 and 5.71 μM of IAA, 0.49, 2.46 and 4.92 IBA, and 0.54, 2.69 and 5.37 NAA to identify the effect of auxin treatments on the growth of hairy roots and the accumulation of C3gl and C3r. Control meant that the hairy roots were cultured in an auxin-free MS medium. In most cases, auxin treatment increased the growth of hairy roots since the dry weights of hairy roots treated with auxins were either slightly higher than or comparable with those of the control ( Figure  1 ). The highest levels of growth (0.49 g/30 mL) were recorded after treatment with 2.26 μM 2,4-D, followed by that in 5.71 μM IAA. On the other hand, the high concentration of auxins, such as IBA at 4.92 μM, NAA at 5.37 μM and 2,4-D at 4.52 μM, seemed not to influence the growth of the hairy root. The dry weights of hairy roots after treatment with the three concentrations of NAA were slightly lower than those of the control. Hairy root growth was 0.367 g/30 mL after treatment with 5.37 μM NAA, which was the lowest, suggesting that NAA treatment negatively affected the growth of hairy roots (Figure 1 ). Analysis of C3gl and C3r: Establishment of HRCs of Hokkai T10 after treatment with different concentrations of auxins allowed the detection of anthocyanins such as C3gl and C3r by using HPLC. Table 1 showed that individual and total anthocyanin contents in the hairy roots responded to the auxin treatments. Treatment with 4.92 μM IBA resulted in the highest accumulation of total anthocyanin, which was 3.24 times more than that of the control, as well as the highest levels of individual anthocyanins. Treatment with 0.57 μM IAA resulted in the second highest level of total anthocyanin, which was 2.43 times more than that of the control. However, treatment with 2.85 μM IAA decreased the level of C3gl compared with that of the control. Treatment with 2.26 μM 2,4-D increased the total anthocyanin content by 2.32 times more than that of the control. Additionally, 5.37 μM NAA increased the total anthocyanin content by more than 2.24 times than that of the control. On the other hand, 2.69 μM NAA decreased the production of C3gl and C3r. These findings suggested that treatment with auxins promoted hairy root growth and mostly increased the levels of C3gl and C3r in the HRCs of Hokkai T10 (Table 1) .
Anthocyanins are commonly classified into pelargonidin, delphinidin, peonidin, petunidin, malvidin and cyanidin according to the number and position of methoxyl and hydroxyl groups on the flavan nucleus. Cyanidin is the most common anthocyanin aglycone found in plants [6, 18] , and C3gl is one of the most abundant anthocyanins produced under inflammatory stimulus. It is known to have many beneficial health effects, including inhibition of tumor cell growth [19] , anti-inflammatory activity [20] , and protection of human skin cells against the adverse effects of UVB radiation [21] . A previous study showed that C3r is an anti-tumor agent having low toxicity toward normal cells and selectively shows pro-oxidant activity in leukemic cells [22] . Tartary buckwheat cultivar Hokkai T10 is known to contain anthocyanins [14] . However, no studies have investigated the relationship of anthocyanin production in Hokkai T10 and environmental factors, elicitors, as well as phytohormone treatments that might affect the production of secondary metabolites in the parent or transformed plants. Auxins are phytohormones that greatly contribute to plant growth and root development; hence, many scientists have been focusing on studies involving auxins. The pattern of hairy root growth observed in this study concurred with the previous findings revealing that auxin effect on the growth of HRCs positively or negatively depends on the type as well as the different concentration of auxins [23] [24] [25] [26] . In addition, enhanced anthocyanin production in auxin-treated hairy roots enabled color of the individual liquid medium to be a little darker red than that of the control, even though the control also made its medium red. Previously, we showed that lower 
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Anthocyanins in hairy root of tartary buckwheat, Hokkai T10 Natural Product Communications Vol. 11 (9) 2016 1285 concentrations of IAA promoted the accumulation of different types of anthocyanins and glucosinolates in the HRCs of broccoli [27] ; the findings of this study are consistent with those of our previous study. Anthocyanin content increased remarkably when 0.57 μM AA was used than when 2.85 μM was used. In the study, we showed that specific auxins at certain concentrations played an important role in the growth of hairy roots and accumulation of C3gl and C3r in Hokkai T10.
Experimental
Seed sterilization and germination: The seeds of Hokkai T10 were obtained from the National Agricultural Research Center (Hokkaido, Japan). Before the experiment, the seeds were washed thoroughly with tap water and dried with the help of sterile cotton towels. Further, the dried seeds were rinsed with 70% ethanol for 30 s and 4%, v/v, sodium hypochlorite solution for 10 min and then swirled 4 to 5 times with sterilized distilled water. After that, the seeds were incubated in Petri dishes containing 25 mL hormoneless half-strength MS (Murashige and Skoog [28] basal solid medium. The pH of the medium was adjusted to 5.8, and 0.8%, v/v, plant agar was added to solidify the medium [29] . Subsequently, the seeds were germinated in a growth chamber at 25°C under light from standard cool white fluorescent tubes with a flux rate of 35 μmol·s -1 ·m -2 and 16 h photoperiod for 3 days. They were then grown in Magenta boxes containing 50 mL of the same basal medium under 16:8 h photoperiod until use.
Chemical and standards:
The standard for C3gl was purchased from Fujicco Co. Ltd. (Kobe, Japan), and that for C3r from ChromaDex, Inc. (Irvine, CA)
Hairy root induction using A. rhizogenes: Briefly, 5 mL of freshly cultivated A. rhizogenes strain R1000 at the mid-log phase (A600 = 0.6) was centrifuged at 5000 rpm for 10 min. The cell pellets were further washed with ice-cold phosphate buffer (pH 7) and resuspended in half-strength MS liquid medium. Hypocotyl parts of F. tataricum grown in vitro were cut into 7-8 mm small sections. The explants were dipped into suspensions of the A. rhizogenes strain for 20 min, dried on sterile tissue paper in a sterile bottle, and incubated under dark conditions at 25 ± 1°C on half strength solid MS medium for 2 days. Then, the co-cultured explants were rinsed with sterilized distilled water and transferred to hormone-free agarsolidified half MS medium supplemented with 500 mg/L cefotaxime (LPS SOLUTION, LPSS; Daejeon, Korea). Within 2 weeks, many fresh hairy roots emerged from the wound sites on the explants. Approximately 2 weeks after, these hairy roots were aseptically isolated from the wound site, transferred respectively to hormone-free agar-solidified half MS medium containing 250 mg/L cefotaxime and sub-cultured at 25°C in the dark. The separated lines were transferred to a flask containing 30 mL of half MS liquid medium and maintained at 25°C on a gyratory shaker (100 rpm) under 24 h dark conditions. Each clone was incubated continuously to obtain enough biomass for the further experiment and then one line selected though the detection of rol A, B, C and D genes. After 4 weeks of auxin-treatment, hairy roots were harvested, and their dry weight and anthocyanin compound content were determined. Experiments were performed in duplicate.
Extraction of anthocyanins, including C3gl and C3r and HPLC Analysis:
C2gl and C3r were extracted using procedures described in the previous study, with minor modifications [30] . The hairy roots were freeze-dried and ground to powder individually. Next, 100 mg of the powder was extracted with ultrapure water/formic acid (95 : 5, v/v), followed by vortexing for 5 min and sonicating at 28°C for 20 min. [31] . The oven temperature was maintained at 40°C. The injection volume of each sample and the flow rate were 10 μL and 1.0 mL/min, respectively. The detection wavelength was set at 520 nm. C3gl and C3r were individually quantified using their HPLC peak areas; they were compared with the equivalents of the standard compounds. The values were expressed as mg per g dry weight.
Statistical analysis: The statistical analysis was performed by Statistical Analysis System (SAS, system 9.4, 2013; SAS Institute, Inc., Cary, NC, USA). Duncan's Multiple Range Test was used to determine statistically significant differences among each mean. All data are written as mean ± standard deviation of triplicate experiments
